Significance of this study
What is already known about this subject?
► Diabetes is a public health priority requiring adequate management and monitoring at the primary care level to prevent complications. ► The National Diabetes Audit (NDA) is used as part of the assessment framework for sustainability and transformation partnerships to monitor diabetes management in general practice and is now a contractual requirement for all general practices in England. ► Evidence suggests that sharing data among peers improves performance, but little evidence exists examining the factors which may influence practice participation in the NDA and the impact that participation may have on diabetes outcomes and patient care.
What are the new findings?
► General practices set in more deprived areas with smaller patient list sizes, a higher proportion of elderly patients, and greater diabetes prevalence were significantly less likely to participate in the NDA.
How might these results change the focus of research or clinical practice?
► It may be possible for commissioners to address these inequalities and identify general practices that need additional support and resources to submit to the NDA or other mandatory and non-mandatory clinical audits. ► NDA participation may have an impact on diabetes outcomes in primary care; however, although these markers of diabetes care used in the NDA are well-established measures at a patient level, their ability to discriminate between organizations or areas at a population level is less certain and requires further evaluation.
AbStrAct
Objective Participation in the National Diabetes Audit (NDA) has become a contractual requirement for all general practices in England and is used as part of the assessment framework for sustainability and transformation partnership (STP) footprints. The study aimed to investigate general practice-related factors which may influence participation in the NDA, and the impact that participation in the NDA may have on diabetes management and patient care.
Research design A cross-sectional analysis of routine primary care data from 45 725 646 patients aged 17+ years registered across 7779 general practices in England was performed using logistic regression. The main outcome measures included general practice voluntary participation in the NDA, general practice-related factors (practice size, deprivation, diabetes prevalence, geographic area, practice population age) and diabetes management outcomes (cholesterol, blood pressure, hemoglobin A1c (HbA1c)).
Results Participation in the NDA differed significantly according to practice size (t(7653)=−9.93, p=0.001), level of deprivation (χ 2 (9)=36.17, p<0.0001), diabetes prevalence (p<0.0001), practice population age (p<0.0001), and geographic area (χ 2 (26)=676.9, p<0.0001). In addition, the Quality and Outcomes Framework diabetes indicator HbA1c (OR 1.01, CI 1.0 to 1.01, p=0.0001) but not cholesterol (p=0.055) or blood pressure (p=0.76) was independently associated with NDA participation when controlling for practice-related factors. Conclusion Variation in NDA participation exists. It is suggested that some practices may need additional support when submitting data to the NDA and that NDA participation may have an impact on diabetes outcomes. However, the use of NDA outcomes as a measure of progress with diabetes care by STPs is still unclear and further investigation is needed.
InTROduCTIOn
Without adequate management, diabetes can be a debilitating disease with increased risk of stroke and cardiovascular disease, as well as complications such as kidney damage, blindness, nerve damage, and amputation. Treatment of diabetes currently accounts for 10% of the total National Health Service (NHS) budget, but this is projected to rise to 17% by 2035/2036. 1 Effective management of blood glucose, cholesterol, and blood pressure can significantly lower the risk of these complications in both type 1 and type 2 diabetes. [2] [3] [4] [5] [6] [7] Evidence also suggests that general practice (GP)-related factors may be as important as patient or organizational characteristics when influencing diabetic patient care and outcome. 8 9 This is especially pertinent as there has been a move in recent decades to review the majority of patients with diabetes largely in primary care. 10 11 Practice-level factors which may influence diabetes management can include case load/resources (eg, practice size, disease prevalence, and practice population age), level of deprivation, and geographic location. [12] [13] [14] [15] [16] [17] It is important therefore to monitor changes and improvements to diabetes management and outcome in primary care.
The National Diabetes Audit (NDA) was established in 2004 to monitor disease management and outcome. It is now used as part of the assessment framework for sustainability and transformation partnership (STP) footprints. From April 2017 submission of data to the NDA became a contractual requirement for all GPs in England. 18 Despite the fact that the NDA is now a contractual requirement, it may still be possible that some practices struggle to submit sufficient data of an adequate quality.
In light of these contractual changes and the importance of effective diabetes management on population health, the study aimed to explore the following: 1. Factors which may influence participation in the NDA. 2. The impact that participation in the NDA may have on diabetes management and patient care.
MeTHOds design This is a cross-sectional analysis of routinely collected and publicly available primary care data. 18 Participation rates have varied over time, and the 2014/2015 data set was used for this study as the voluntary opt-in participation process ensured equal grouping and few missing data which may otherwise have biased the analysis. The NDA collates diabetes management scores for blood pressure, cholesterol, and hemoglobin A1c (HbA1c). In order to assess patient care in practices that participated and did not participate in the NDA, QOF diabetes scores were used in this analysis.
Predictor variables
Practice size and diabetes prevalence were obtained from the NHS QOF 2014/2015 data set. The QOF is an incentivized voluntary process for all GP surgeries in England and was introduced as part of the GP contract in 2004. The QOF contains three main domains (clinical, public health and public health-additional services). Each clinical domain has a disease register created by collating data from patient records to provide an overview of those coded appropriately with the relevant condition; those that have the disease but do not meet certain criteria are reported as exceptions. Each domain also consists of a set of achievement measures, known as indicators, against which practices score points according to their level of achievement. Practices are awarded points if their achievement in clinical areas is over a certain threshold.
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Practice (list) size indicates the number of patients registered at a particular practice. Diabetes prevalence indicates the percentage of patients aged 17 years and over with diabetes mellitus, as recorded on the practice disease register.
Deprivation data were obtained from the Index of Multiple Deprivation (IMD) 2015 scores, derived from patient postcode for the resident population in each local authority as reported by the Department for Communities and Local Government.
20 IMD 2015 measures relative levels of deprivation in small areas of England using 37 separate indicators organized across seven distinct domains of deprivation (income, employment, health and disability, education skills and training, barriers to housing and services, living environment, and crime). 21 IMD 2015 scores and deciles are defined at the lower layer super output areas in England.
Practice population age was defined as the percentage of patients in each practice aged 65 years and over as of April 2015. The data are published by NHS Digital and are extracted as a quarterly snapshot in time from the GP payments system maintained by the Health and Social Care Information Centre. Three logistic regression models were used to investigate the associations between diabetes management outcomes (patients who met the QOF management target vs patients who did not meet the QOF management target) for blood pressure (DM003), cholesterol (DM004), HbA1c (DM007), and NDA participation. The model was weighted for disease register size and was adjusted for practice size, practice population age, deprivation decile, geographic area, and diabetes prevalence. Practices with missing data (n=2) were excluded from the analyses. Statistical analysis was performed using IBM SPSS Statistics V.23 and RStudio. All data are routinely collected and currently available in the public domain.
ResulTs
Data were available for 7779 practices in England. Very small practices with a list size fewer than 900 patients were excluded from the analysis (n=21). One additional practice was excluded due to insufficient data available for QOF indicators, and two further practices were excluded because practice population age and deprivation score data were not available. In total, 45 725 646 patients aged 17+ years on the GP register from 7755 GPs in England were included in the final analysis. Of these 7755 practices, 58% (n=4498) participated in the 2014/2015 NDA.
Practice demographic characteristics
In total, there were 2 912 749 patients with diabetes mellitus in the study. Practices had an average of 376 patients (SD=232.9) registered with diabetes mellitus, with a range from 3 to 2358 patients. Overall prevalence of diabetes mellitus was 6.4%, with a range from 0.3% at a practice in Bristol, North Somerset, and South Gloucestershire, to 20.4% at a practice in Birmingham and Solihull. Practice size ranged from 901 to 54 589, with a mean size of 7323 (SD=44210.1). From these practices 9 752 575 patients (17.1%) were aged 65 years and over; this ranged from 0% at a practice in Bristol, North Somerset, and South Gloucestershire, to 92.5% at a practice in Greater Manchester. IMD varied from 3.2 to 66.5 across all practices in England, with a mean of 23.7 (SD=11.9).
ndA participation and QOF achievement The NDA collects patient data on blood pressure, cholesterol and HbA1c. These data were available for all practices which took part in the NDA. NDA diabetes management scores were significantly correlated with QOF diabetes management scores for blood pressure (r=0.81, p<0.0001), cholesterol (r=0.51, p<0.0001), and HbA1c (r=0.72, p<0.0001).
The QOF diabetes points achievement thresholds are outlined in table 1. QOF points and payments are rewarded to practices if achievement (measurement of specific management indicators) is above a designated level. 19 For the QOF blood pressure indicator (DM003), the rewardable threshold range is 38%-78%. There were 2758 patients from 20 practices (0.3% of practices) who fell below this threshold lower limit from blood pressure measurement, while 25% of practices (n=1939) performed above the threshold limit. For the QOF cholesterol indicator (DM004), the rewardable threshold range is 40%-75%. There were 422 patients from 5 practices (0.1% of practices) who fell below the threshold limit, and 24.2% (n=1876) of practices performed above the threshold limit. For the QOF HbA1c indicator (DM007), the rewardable threshold range is from 35% to 75%. There were 5262 patients from 33 practices in England (0.4% of practices) who did not achieve this management target, while 1.4% of practices (n=5262) exceeded the management target for this particular indicator.
QOF achievement and NDA participation are illustrated in table 2. In total, more than two million patients on the diabetes register (71%) met the QOF target for blood pressure and had a blood pressure reading of 140/80 mm Hg or less in the last 12 months. Of those who met the QOF target for blood pressure measurement (DM003), significantly more patients (p<0.0001) were registered at practices who participated in the NDA (40.7%, CI 40.6 to 40.8) than those who did not participate in the NDA (30.4%, CI 30.3 to 30.5). Similarly for cholesterol (DM004), over two million patients on the diabetes register (70%) met the QOF target and had a cholesterol reading of 5 mmol/L or less in the last 12 months. Of the sample as a whole, 40.4% (CI 40.3 to 40.6) of patients were registered with a practice which took part in the NDA, compared with 30.3% (CI 30.2 to 30.4) of patients who met the target but whose practice did not take part in the NDA (p<0.0001). For HbA1c (DM007) 1.76 million patients on the diabetes register Epidemiology/Health Services Research (60%) met the QOF target and had an HbA1c of 59 mmol/mol or less in the preceding 12 months. Of the sample as a whole, 34.5% (CI 34.4 to 34.6) were registered with a practice which took part in the NDA, while 25.8% (CI 25.7 to 25.9) were registered with a practice which did not participate in the audit (p<0.0001).
Relationship between ndA participation and practice demographics Table 3 illustrates that the demographic characteristics of practices that participated in the NDA differed significantly from those practices that did not participate in the NDA. For example, a significantly smaller proportion of patients in practices who participated in the NDA were aged 65 years or over (p<0.0001) compared with those that did not participate. Practices that participated in the NDA also had significantly larger list sizes (t(7653)=−9.93, p<0.001) and a lower prevalence of diabetes mellitus (p<0.001) than practices which did not participate in the NDA. Significant geographic variation in participation also exists (χ 2 (26)=676.9, p<0.0001), while practices that participated in the NDA were significantly more likely to be based in areas of low deprivation compared with practices which did not participate in the NDA (χ 2 (9)=36.17, p<0.0001).
Relationship between practice demographics, ndA participation and QOF achievement
The relationship between NDA participation and QOF achievement for blood pressure, cholesterol and HbA1c measurement was assessed with three logistic regression models. The variables examined in table 3 that were significantly related to NDA participation were included in the model as covariates; these include disease register size, practice size, practice population age, deprivation decile, geographic area, and diabetes prevalence. Logistic regression models (detailed in online supplementary table 1) indicate that participation in the NDA was significantly associated with practice population age, diabetes mellitus prevalence, deprivation decile and geographic area, but also independently and significantly associated with diabetes HbA1c outcome. The results suggest that participation in the NDA was associated with 1% higher odds of patients with diabetes having HbA1c readings of 59 mmol/mol or less in the last 12 months (OR 1.01, CI 1.0 to 1.01, p=0.0001) when controlling for covariates. No significant associations were found for control of blood pressure or cholesterol levels for patients registered with practices that participated in the NDA when adjusting for the covariates disease register size, practice size, practice dIsCussIOn Diabetes is a public health priority requiring adequate management and monitoring at the primary care level to reduce prevalence and prevent complications. Mechanisms to assess progress need, therefore, to be robust and effectively monitored. In April 2017 participation in the NDA became a contractual obligation, and STPs and clinical commissioning groups (CCGs plan to use the NDA outcomes to help monitor progress locally.
The study aimed to explore GP-related factors which may influence NDA participation and the impact that participation in the NDA may have on diabetes management and patient care. The results indicate that smaller practices from certain areas of the country and those that have a higher proportion of elderly patients, greater diabetes prevalence, and practices with patients from more deprived areas were less likely to participate in the NDA. Evidence from the NDA suggests that a lack of understanding of the benefit of participating, a onerous data submission process, timing of the data submission window, competing priorities and uncertainty around consent, and submitting patient identifiable data may explain why practices with large diabetes and elderly case loads, smaller practices and those from certain areas of the country or from deprived neighborhoods may be less likely to participate in the NDA. 23 It is important that CCGs and STPs are aware of these inequalities when offering support and/or resources (eg, local incentives or the appointment of a local clinical champion) in the future to local practices for diabetes management and monitoring.
It is possible also that additional factors may account for local participation rates. Despite accounting for, and adjusting for, several demographic variables, it was not possible to account for other factors that are not routinely collected. It is possible that these factors could influence NDA participation and diabetes management, which could in turn introduce bias and confound the results. Evidence suggests that other practice-related factors, including practices with a dedicated diabetes recall system, mini-clinic or specialist staff (eg, nurses, dietitians or chiropodists), or those that have fewer patients attending hospital clinics, may have a positive impact on diabetes care and outcome. 12 13 16 Although these data were not available within the current data set, these factors should be explored locally in the future.
The results also suggest that there are statistical differences in diabetes management outcomes between practices that participated in the NDA and those that did not. HbA1c, but not blood pressure and cholesterol, was independently related to NDA participation when accounting for practice characteristics. This suggests that participation in the NDA may be related to better diabetes outcomes and patient care. However, these results need to be interpreted with caution as differences are small or marginal and the clinical significance is difficult to determine. It is possible therefore that certain biases may exist which could confound the results. One possible explanation for these results may be the perverse incentive created by the QOF points achievement thresholds. In the clinical areas of the QOF, practices are rewarded with points if their achievement is over a certain threshold. Thresholds for diabetes indicators are in the range of 38%-78% (DM003), 40%-75% (DM004), and 35%-75% (DM007). Practices will generally receive maximum points for an upper threshold and proportionately between those limits. 19 As a consequence, a floor and ceiling effect may occur, because once practices achieve the lower limit of the threshold there may be a lack of further attainment incentive beyond the upper payment thresholds. This can result in little variation in achievement rates across practices and as such may lead to small differences being observed. 24 The small, although significant, association between NDA participation and diabetes management may also be explained by the large number of cases in the regression analysis which may have resulted in the model being overpowered. The impact of type 1 versus type 2 diabetes on HbA1c results must also be considered as it is possible that patients with type 1 diabetes have more variation in HbA1c; however, these data were not available for the current study. In addition, only 1 year of data was used in the study. The 2014/2015 data set was selected as it was the first year that a voluntary opt-in participation process was used. This meant that the process was more similar to the contractual obligations now adopted and ensured equal grouping and few missing data which may otherwise have biased the analysis. Further investigation should replicate the study with data from the first year of compulsory participation once this becomes available. Lastly, caution must also be used when interpreting these findings, particularly when using the NDA to help monitor local progress and commissioning as there are subtle differences in NDA and QOF metadata. For example, there are differences in HbA1c parameters used, and differences in the timing and inclusion of patients in the NDA and QOF data sets; NDA covers all patients with diabetes over a 15-month period, while QOF covers patients aged 17 years and older over a 12-month period. While overall there is a significant relationship between the NDA and QOF outcome data at the practice level, these subtle differences should be considered when interpreting the results of these analyses.
Despite the cautious interpretation of the relationship between NDA participation and diabetes outcome using HbA1c as a marker, it is important to consider the generalizability of the study's findings to participation in other mandatory and non-mandatory activities/clinical audits and the wider impact on patient outcome. It may also be important to consider whether patients should be made aware of, or encouraged to inquire, about practice participation in the audit to increase practice accountability given the impact that participation may have on diabetes care offered.
In conclusion, the results indicate that variation in NDA participation exists. Despite the fact that submission to the audit is now a contractual requirement, it may be possible that practices with certain identifiable characteristics may struggle to collect and submit sufficient data of an adequate quality to the audit. It is suggested therefore that some GPs may need additional support and resources to address these inequalities and to aid data collection and submission. In addition, although the markers of diabetes management used in the NDA are well established, their ability to discriminate between areas at a population level, in order for STPs and other government organizations to measure progress with care, is less certain. Given the changes to contractual obligations and the importance of effective diabetes management to population health, further evaluation is required.
